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l’his paper describes [he Va~able  I-Grdioisotopc  IIeatcr
LJnit; its development, performance, and effectiveness at
controlling the temperatures for the Cassini spacecraft thruster
clusters.

10 explore the Saturn system, the Cassini spacecraft relies
on the electrical power from three Radioisotope Thermoelectric
Ciencrators, but the large power demand for science and
engineering functions severely Iimitsthee lectrical power available
for temperature control purposes. The Variabk  Radioisotope
FIcatcr LJnit combines the heating- and temperature-control
tunctions  into one nonelectrical self-controlled unit, thereby
freeing upelectrical  heater power forotheruseson,  the spacecraft.

IN’1’I?ODUCTION

CASSINI  MISSION OVERVIF;W-Cassini  will bclaunched
on a ‘1’itan IV/Centaur in the October 1997 launch window [1].
l’hc first burn of the Centaur upper stage places Cassini into a
low-Earth orbit and the second burn injects the spacecraft (S/C)
into the first leg of a trajectory (Figure 1) that depr.nds on gravity
assist flybys  of Venus (twice), E:arih and Jupiter to intercept
Ssturn in 2004. The last gravity assist at Jupiter increases the
S/C velocity (relative tothe  Sun) fronl 11.6 to 13.6 knr/sec. After
alnmst a seven-year flight, one of the two 400-N liquid rocket
engines, firing for 88 rnin, inserts the S/C into orbit about Saturn.
l’hc orbiter will be active. for up to four years exploring Saturn,
its rings, and its numerous moons. More than thir[,y  flybys of the.
moon l’itan arc planned and on one of the early encounters a
probe will bc launched into the Titan atmosphere.

An international tem consisting of approximately 1300
pmple  in 16 European countries and 3000 people in 32 states in
the LJ.S.  is involved in various aspects of the Crissini mission,
incluciingdcsign$  fabrication, and planning [ 1]. The Titan probe,
nall~cd Iluygens  after the Dutch scientist who discovered Ti[arr
and [hc Saturn  rings, is being developed by [he European Space
Agency. Roth the mission i]t)(.i  the S/C bear the name of the
I;rrnch-  Italian astronomer, Jcarr Dominique Cassini,  who
ciiscwvercci scverai  of the moons of Saturri  and the gap in Saturn’s
Illain rings. ‘[’he f[igh-Gain Antenna (EIGA)  is provicicd  by the
ltit{i;irr  SpaCC  Agency. There are Europtn experiments on the

orbiter an(i LJ. S. experiments on the probe. l’he orbiter is bcin:
assembied by the Jet Propulsion 1.aboratory  (JPI.) which wil
aiso manage [he Cassini mission for the Nationai  .4eronautic:
and Space Administration. .

Cassini’s trajectory wiil rcsu-it in a solar environment whicl
exposes the S/C to 2.7 suns (perihciion, 0.61 AI-J)  and 0.01 sun!
(Saturn, 10 AU). And, the pass through the shadow of Saturn cat
iast as long as i8 hours. Although the SIC is 3-axis stabiiiz.edan(
Sun-oriented, there are many off-Sun rr~ancuvets  for trajector>
corrections and/or communication purposes. These maneuvers
are time-constrained until the S/C is beyond 5 AU. Inside of 5
AU, ali the maneuvers are performed so that fuli advantage can
be taken of the shading provided by the 2.7-m diameter probe.
While the 4-nl diameter IIGA is Sun oriented, it shades the S/C.

CASSINI  SPACECRAF”r CONFIGURATION - ~WO

vicwsof the rr-lechanicai configuration (without therrnai  bianke[s)
are shown in F’igure 2, In addition to the science complement on
the IIuy.gens  probe, there arc twelve science subsystems that wiii
remain with the orbiter. h40unted on the Remote Sensing Paiiet
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Figure 1. Cassini  I’rajectory to Sattlrn.
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:lrc[tlcprilllar  y:lllLi b:lckllp  Stc’llilr Reference  Uni[s(star trackers),
[he Visu:lt and In f!-urcd Mapping Spcc[rolneter, [he uidc- and
narloiv-:~n~lc  cameras of the Imaging Science Subsystem, and
[he Composite Infrared Spectrornctet.  Two rnagnctometers are
IIloun[cd on the Nfagnetometcr Room Assembly which, for
thermal protection, will be deployed a[terthc  second Venus flyby
and after reach in: 0.S5 AU. The Ion ond Neutral Mass
Spcctrometcr, Plasma Spec t rome te r ,  and part of the
Magrrctospheric  lrnagin~ Instrument mount otTof the I’ields  and
Par[icles  Pallet. A 1.angmuir  Probe, Radm, and an }ICiA (Radio
Science) arc mounted off of the Bus. Supporled off of the LJppcr
Equi~nie.nt  Module m the other part of the Magnetospheric
Inmging Instrument (the Ion and Nc’ll[ral Camera sensor),  the
Radio and Plasma Wave Science and the Cosn~icDust Analyzer.

I’hepropulsion  Module (i;igure 3) is the mechanical core of
the S/C. l’hc LJpper Equipment Mociule with the mated Bus and
the I.ot\fer I;.qtlipr]~erlt  Moclule m attached to this central structure.
I]uildup  of the configuration continues with the addition of the
Reaction Wheel Activatc)rs, the Inertial Reference Unit, Probe
Support  Avionics ,  ItGA,  etc. The Huygens  probe and
FCrdioisotopcThermoe lectric Generators (RTGs) will be installed
at the Kennedy Space Center after the S/C has been fully
I&mketed.

Ilxcept for radiators, louvers, instrument apertures, the
generators, find the }] GA, the S/C is conlpletely  enclosed with
nlulti-layer insulation (MI ,1) thermal blankets. Iigure  2 depicts
thcS/C  without the blankets. At first ~lance, the finished S/Cwill
appear gold except for the large white HCIA.  Closer  inspection
will reveal numerous black apertures, metallic louvers, and
several while radiators. The gold appearance results from the
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~>l]tcr  I:\ycr ~~tl]c thcrtl];ll  bl:lnkcts. which is ;Iluminizcd  Kapton
with the K:lp[orr t’;wing out and coated w i [h iridium tin oxide. The
therrnnl  blarrkets reduce the heat 10SS from  chc S/C, rninirniz.e
electrostatic discharge (iridium-tin-oxide coating), retlect the
Sun (second-surface mirror) Liurin: nmwuvers,  and provide an
effective breakup surface t’or microrneteoroids.

I’}IRUS1’IR CI,USI’I:R Tfll;I~hlAI,  DESIGN - Attitude
control is provided by four thruster clusters. each of which
contains fourO.9-N  hydrmine thrusters (I:igure  -l). 1’o maximize
turning torque, three struts suspend a boxlike cluster from the
central struc[ure.  MIJ  blankets rninilniz.e  the heat loss f(orn the
cluster housing, which is thern~a!ly coupled radiatively  to the
central body by the blanketed but open boom cavity. Heat from
the RIG waste-heat system is instruulcntal  in establishing the
propulsion module central body as a stable temperature sink [2].
The cluster sides facing the short (0.5-n]) boom cavity m-e painted
black, and the inside surface of the boorll  cavity is the alurlLini?,ed
side of the MI.I thermal blanket which enhances the radiation
couplin:  to the central body sink. For long thruster firings, this
coupling helps to limit the wartn-up  of lhe cluster housing.
Opening the boom cavity to the central body and cluster housing
eliminated the. need for electrical heaters for the propellant lines.
going to the clusters.

Ileat  loss from the four thrusters don]inates the cluster
energy balance when the thrusters are not firin:, and the coupling
to the central body is not sufficient to maintain a required
temperature. Since the initial thermal design utilized electrical
heaters, additional heat to the cluster housing is required. The
electrical heaters could be commanded off which is beneficial for
the long thruster firings. However, the SK electrical pow;er
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cru’nch  forces [he cluslcr t h e r m a l  dcsi:n [0 Iely more or] the u s c

of  ]hiioiso[ope }Ieatcr Units (R} ILJs).  uhich  cannot be [u[-ned
off, and lrss on elec~rical  pol!er. l“hc Val-iable Radioiso[opc

IIcater  Unit (VRIIU) WaS dct’~l~~~~d  [O elin~jn:l[~ [he necd for
cle.c[rical hcaterpot{’er  and autornaticoll!  reduce ~he heat supp]icd
to the clus[er  housing durin! thrustt’r  firin~s.

v~]]~J ~~~cl~]’1’  - 3’he VKI{L:  cornbirles [he heatin~-

and tell~]~cra[ure-control  functions inlo one nonelectrical self-
con[rolled  unit. It consis[s  of n cylindrical RHLJ holder tha[
contains up ro three l{}lUS and rc)tates on berrrin~s  when dri!’en
byt\!’o lerll~JeralLrre-serlsili  \”e birlletallic :Prilss. .Asilllls[r:~trd  in

/“-
\.-T=

>/

FUE!. TAbl  K

,/
/“

Tt{RUSIFR

b

\ / ‘,,
CLUSIERS  (~) I

L. )
L“.  v

MAIN ENGINE ASS, EL!ELY

]:j:u~c~, ‘I’]lc~assilli  l>r(}pulsio1131  (J[llllC.

]’i:ure  S, half of the RfIU holdcris  painred whi(e while tile other
halfisco\erecl\  \i[l~at \\enty-t\~rolay  erh4I,Ib]arlket,  ‘1’heR~rU
holder is thermally isolated from lhc birnctal actuator, which is
[hernlal]y coupled 10 the hardware that is being temperature.
controlled, When the hardware (cluster housing) temperature
goes below the set-point tmperaturefor  the bimetallic  sPrings,
theholder  is rotated so that d~ehi~h-erniuance  surface (~l,hite
paint) faces the hardware (heat in) and the lo~v-emi[tance  side
(blanke[ed)faces  spacc(fullyclosed  position), When [hchard\\are
temperature ~oes abo\’e the set point, the holder rcltates to expose
the hi~h-emittance side to space (heat out) and ex~>oses (he
hardlvarc  to the blanketed portion of the holder (fully open
position). l’he bimetallic sprinss  can bc calibrated for a desired
open-point temperature be[wecrr -20 and 50 “C and  the fully open
position {Jill occur 28’C at~ovc [he o~mr-point temperature.

At the center of the RIIU is a plutonium dioxide ceramic
fuel pellet. A sin~le RHU ~~ei~hs 42 s and lvill fit snu~]y in a
cylindrical enclosure 26 rnm in diameter and 32 mm lon~. BY
means of raclioac[i~e  decay of its plutonium fuel, each unit
delivers 1.0-1 f 0.03 iv at encapsulation. l’he time of decal, is
illustrated in Figure  6 for the Cassini  primary and backLrlJ
missions. Up to 40 and 60 RHLJs  \\’ill bc used on the Hu~’gcns
probe and orbiter, respcctitrcly. ‘-l-he Galileo S/C, currently en
route to Jupiter, u[ilizes 120 RFIUS.

Ilecause o f  t h e  high tem~era[ures,  an a]l-KaPton  NfI,l

blanket isusedon  theholder.  Theexterior  layer issecond-surface
aluminized  Kaptontoreducc  the solar loading during  the off-Sun
maneuvers. The intericlr layers arc constructed of embossed
aluminized Kapton.

I’i2ure 7 sho!{s thcVRHU  in thehalf-openposi  tion. Without
RHUs,  the unit !veighs  390 g. Each cluster thermal design
requires four VRHLJs but has provisions for five, as illustrated in
I;igure 8. .41[hough the, 3-I-UIU  unit fits nicely on the cluster
housing, the numberof  VRHLJs  \~as dri~’en  by the Cassini project
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rc~luirenlenttho~  acceptable temperatures be maintained with one
VI~IIU  failed open m-closed.  Each VRFILJ  holds up to 3 R}lLJs.
\Vhen only two RHLJs  are used, a spacer replaces the third R}IU
in thc2-RHUco  nfiSuration. Both a2- and a3-RHUVRHUhavc
been characterized.
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Figure 6. RIIU  IIeat ))issipation  for the Cassini  llission.
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‘1’}jh41’l;RAl’URI~  ANIJ }IE}II’ER  RFQLJlREh4ENTs -
Requirements ha\ee\’olve.d  durins  the de\’e]oplrlellt  of the VRHU,
The n~ountin:-surface  temperature n)us[ not exceed the set.to-
open and/or fully open tempemtureranscby  60”C ort}le binleta]]ic
sprinss  cou]cl  be drirnaged. lhe R}ILJ holder should not exceed
285°C to assure an RI]U tempermrre  of less than 300”C.

Because of its cost, [he RIIU ]Ilust bc efficient, since any
addi[iona] hea[ only comes iII l-\~7 (an RIIU) increlllknts.  An
efficiency of better than SO% (hea[ inlo [he hard\!,,3re  +RHUheat
output x 100%) was imposed.

I:or the C:issini l’hruster  (luster applicalic,n,  [he l“hrus[er
Clus[erhousins  allou’ohle flighllc’nlperalure  requiretllent is 20t0

50 ‘C. I’he set-[o-open len~pcra[ure for each VR}lLJ  has been
chosen as 25 ~. 3 “C.

VRIILJ 1  I] I; RM,-11, l)}+\;  EI,OPAII;NT ‘1’I~Sl’ - l’he
l’her]na] ]le\elopll~ent  test ,  perforl~~ed at JPI.  in .4u:usu

Septelnbcr,  1993, \\:isdi\idedir ~tofou1 }>hascs: Phase l, Billleta]]ic
Spring  (:llaractcriz:i[iol~: Verify [he vRIIUcaliblatiol~  in the [es[
setup; ]Jhase  ?, hlountin: Plale Calibration: Calibrate the heat
input to [he mounting plow wi[hoyt a functionin~ VR}lU;  phase
3, Nlorllil)al Flight: Characterizt2  the VRHU performance in
simulated nolninal ili~htlike  conditions; and l’base 4, Sun
Silnulation: Characterize the 17R}IU perforlnance durin~ direct
Sun il]ulnina(icrn.

11’e~[.,,~r~icl~ - The test article consists of a 3-unit VRHU
engineering model hard-mounted to a 30.5- x 20,3. x o.~.clll

aluminum plate, repr-esentative  ofa mountin~  surface. I:igure 9
SI)OW,S  (he test article instlurnented without the nlounting-p]ate
blfinket.

“1’hc bock of the lnounting p]ale \\ ’as painted black for better
test cc)ntrol of the plate tcmpmture. I’he front (where the VRFIU
was mounted) \\ras left unflrrishcd,  except for the two areas,
shc]wn  in I;igurc 10, that tl’cre black-anodized to increase the
coup]ing  between the nlountins  plate and the bimetallic housing
and also the coupting bcttveen [he rnounlin:  plate. and the R}lU

Fifyrc ‘7. l’hc  Varinb]e  Radioisotope }Icafcr  Unit. Iiigurc  8, “1’hrustcr  Cluster with VI< IILJS,



“w
,. . ..- ..__

A —+

k.

[1
\\\\\\\\\\:::::::::::;:;;. . . . .:::::.,,,.:;:;:;::;::;:;;;;;;:;;:::. . . . .\\\\\ o 0 U\\\;; \::::%\\\\\\\\\\;;;::. . . . .:;;:::;;;:;:;;::;:;::::;:. . . . .. . . . .

\\\\\.\\\<\.\.\\\.\.
)

.— -..

BLACK’
ANODIZE FRONT

(VHRU SiDE)

30 cm

[

\

L.

‘I BRATOR

\
F’AINTED  BLACK

Figure  10. VI<IILI  lest Plate.

SIDE VIEW

SOLAR SOURCE lARGf:T  PLANE
~- ---J ---1.5 m-–- --–- .—- ----- ..-– . . . . .

,
,

#
##

#

FRONT VIEW

r–-l======”—======—  ‘-”
SUPPORT RAlL7”’

T

-11~. -.. + ~lRES.-.  - .  —---  ______ .__,

~ [i]

.- —--— — =– ——— —-—. — —----
::::::::?,.

\

.,::.
,,.. .
‘,,...J,. . . ...,...,,.,,,.

1. . . .... ...
–--.-_–-–T–

.,,,:,.
———-_—_  ,#.i___

p . - .  –  -.-.._==03  ;;----  – - .  - - - - -

;-,:,=GK6G;LEN=i:.oG----
—.*

CHAMBER O
RAIL

VRHU
EXPO

AGE STAINLESS

EL WIRE
AREA

WIN DOW
DIAMETER: 0.5 m

SHROUD
DIAtAETE BEAM:

03 m
Fi[;ure  11, VRIIU  Chamber Configuration.



.

the [CS[  c{>nfigul-:ltion.  I“his [CS[ :in~i [he subscqucn[  in-air test
s])owed [bat Ihc instrunlcnta[ion  ~’.lble (four ?6-gauge Rfl U
hcu[er sirllul:llor  wires  and two 30-$?auge thermocouple wires)
comin~l  t“ronl [hc R} II-J  holder increased the 28” Cdclta  temperature
to t“LIIIy  opcrr by I 1 ‘C ([o 39”C). W’idwt  the  instrumentation
cable, the ro[otiort  was as predicted.

I:or !light there arc no instrumentfition  leads and for future
cluster tcstiog, only two leads forthc IIHLrsirllulator  arercquired.
3’hc VRIILJ thermal performance was characterized for the test
rotational performance and has bern corrected for the. flight
conditions.

T}XT PHASE 2- Phase 2 characterized the alaourrt of
heoterpowe  rrequircd to Illaintain  the mounting-plate temperature
(stendy-s[atc) over d~e test temperature ranys  without heat fronl
the VRIILJ.  I)uring this phase, the VR}Ib’ was blanketed and no
poiver was delivered tothe RIIUsin~ula[ors.  l’hc reduction in the
plate hcnter  power \vhen [he RIIU sirl}ula[c)rs arc on is a direct
n~easulernent  of the WUIU pcrforlnancc at that tenlpcrature and
opening angle.

1’11S”1’  PILASE 3- l’he thermal performance of the VRf IU
was charactcriz,ed in Phase 3. l’he results showed that only 1.9
W of [hc 3 W (63% efficiency) were going into the hardware
(fully closed and 10”C). Heat loss out of [he instrumentation
cable (froru  the VRIIU bolder) was measured at 0.26 W and
would not be a loss for the flight configuration, “l’his wlditional
beat woulcl inlprove the efficiency to 73%.

Two sets of changes were made to the ther]noi blanketing
to further improve the VRHU pcrforn)ance.  F’igure 12 illustrates
the charrges  to the holder blanket and Figure 13 shows the
changes to the n]ounting  plate blanket (representative of the
Thruster Cluster blanket). Initially all 221ayersofthe  RHU
holder blanket w~rc squeezed locally at the encls between the
blanket retainer and the RHU holder. After  the changes, only the
outer [WO Iaycl-s remained and one additional layer of glass tape
was added Iocfilly  at each screw to further improve the local
thel[nal isolation.

‘1’hc second blanket cban~e  rcducecl the VRIIU exposed
area by -19%. l’hisctmnge reduced the heat loss at thcfully closed
posi[ior) but also reduced tbe heat rejection at the fully o p e n
position. “1’hc nleasured improvement in VRIIU performance for
both blanket changes (final blanket) is shown in I;igurc 14. With
the final blanket configuration, the efficiency is 88% at tllc cost
of a beat input of 0.7 W in the fully open position.

As previously discussed, the instrumentation cable from
the holder required hi~her hordwarc  [ernperaturcs  to get [he
desired opening angle. I’hercfore,  it is necessary to adjust the test
curve (l:igure 14) for the tlight configuration (no cabling). l:or a
constant rotation angle (0) it is only necessary to frnd [dQ/dl’]O
to acljust the test performance.

}’rorn  the test results for a fully closed VRIIU (0= 0“):

[Xyd-r]o  = ~). == (Q@lo.c -Q@ ~6c)K?60C-  IO”C)

= (2.37-2.28)/16= 0.0055  W/9C,

ond  for :1 fLIlly  o p e n  VRIIU  (G = 180”):

[dQ/d’I”IO = ,s{)- = (Q@, f,4-C -Q@,72C)/(72”C-6  $oC)

= (().40-0.45)/8= 0.0065  iV/”C

I]ased on thcabove,  it was assuilled  that for [heerltirccLirve
that [dQ/dl]Q  = 0.006 W/°C.

Since there was no signiticarrt  deviation in the calibration
for rotation angles  less than or equal [o -15” only [hc data above
thc45° rotation wtread justed. Results arc shown in Figure 15 for
[be 3-W anti ?-W configurations.

Since the RIIU dissipation decrefises  ivith tin~e (1’iyrre  6)
the predicted inlpact on the VRFILJ  flight pert’orinance is showrl
in Figure 16.

The upper curve represents the rnaxinlurn  VRIIU
performance for tbc primary trajectory at the bc~innirtg of the
mission (1997) and assurtms  that all 3 RIIUS have a maximum
heat dissipation (worst-case hot). l’hc bottom curie is for
rninirnurn RIIU heat dissipation at the end of the mission (2012)
for the backup tr:tjectory (womt-caw  cold). These performance
curves are forivors[case  thermal design analyses. ActualVRHU
performance, when the VRIIU is loaded with all rnaxirnum or al]
l~linin~um dissipating RI IUS, decreases 8 and 10% ol’er the
course of thcpri]liary (1 1 years) and backup ( 13 years) missions,
respectively.

1’1S1’ I’HASI; 4 - ‘I’he 16cation of the V~F~LJs on the
“1’hruster[;!uster  is such that for S/C maneuvers the Sun is parallel
to the plane of the VRHLJ opening until the S/C is beyond 5 A[J.
Since n]issionplans  and/or configuration can chanSe, the VRHU
perfcmllance was evaluated for the Sun normal to the opening
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(\\ols[ L“xe). ‘I”hc’w  \[c:ldy-s[J[c  rcsLIl[s  LIIY sollllnarized  i n

l’able 1, which also  shows [hc tcn~pcr:iturrs  tor the VRIILJ with
:Ind  Wi[h  OLl[  the SLlll.

I’he solar loadins incrrascs  wilh lnountin:  plfitt  lcrnpcro[ure.
‘Ibis results because as the IJpc’ning nn~[c incrcasrs  (due to
increasing wmpcrature) more crt[hc hi~her sotar reflective white

paint is cXpOS~d. l’his chan~c i n  p r o p e r t i e s  c o u p l e d  w i t h  the

c:lvity elfcct,  created by decreasing [be blanket opening, results
in rnort cnersy being rctlected through the gaps along the R1l LJ
holder ond onto the thermal shield where some of this energy is
absorbed and conducted to the rnoontirr: plate by way of’ the
alurninunl mounting base. The solar loading  is lar~e and may be
sigrlificant, depending  on the application, if allowed (O go [O

steaciy-stale.  It is not significant for the Cassini 3’hrustcr  Cluster
application. It can be reduced by lessen in: [he cavi[y effect and
changin: the [herrnal  shield height. These chfinscs  would clrivc
tlm efficiency down, but SO% should s[ili bc rcfiiized.

l’hcse >olartests also contirlneci [hat tlleterl~pcr:ltLlres oftllc
V1<}i U remain very acceptable in [his ~vorst-case  environment.
‘i’hc R}IU boider  is significantly below the 285°C limit an(i thert
arc no n)aterial concerns (expansion effects, etc. ) with the other
[c-lr)peratures.

CI.LJS’’I’ER  PRFDICTH)  PERFORMANC1l - Table 2
iilustra[es t~Ic  predicted [cmperrrtores  for [hc “1’hruster Cioster

]Ic)using for the 4- VRIIU configurat ion using 10 RI ILJs.
l’crnperaturcs  arc within the requirements except for the steaciy -

SI;IIC tjrif]:  cor)di[ions in the S u n  at p~’rihclior).  ‘1 his is not a i-ea[

condi[ion since the rnaxin~unl tinle in the Sun woulci bc 30 :nin
and the nlaxinrunl tiring time for the [hrusters  wou]d bc [CSS th:irr
15 min. ,A transient analysis of a 30-n)in m~neuver, with solar
and ttlruster  tiring continuously, shows the housing peaking at
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Figure  14. VR1lU ‘1’est  Characteri7,atio11.
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-15”c, which gives adequate margin relative to the s()”c iin)i[ for

[his wwrs[-(’mc  scenario. Without (he solar loading (Saturn
Operiltions),  continuous thruster firing is possible without
exceeding IhC  hollsing Iilni[.

l’hc thruster cluster thermal desi~n will be tested with the
VRHUS at tliccluster  therrnfit  vacuum  assembly test and with the
Cassini S/C at the thcrvml vacuum  systelns-lcvet  test,

CC) NC1,US1ONS

ThcVRllU  has been fully develc)ped forthe Cassini Thruster
Cluster  Application. Because of the costs of an RHLJ ($31 K), a
VRIIU with 3 RIIUS  costs$108Kor$41 K/W. This compares to
$ I S7K/W  fc)r an elcc[rical wa[t supplied by an RIG for Cassini.
Therefore, it is a bargain fordeepspacc  exploration, but obviously
it cannot con)pctc  with electrical hea[cts for S/Cpowered by solar
panels.

llle VI<IILJ  can bc used with higher sink ten]pcraturcs
protided  that the volume of the sink is relatively large. One
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Nicurc  16. Vl?IiU  Cassini  Mission Chrrractcrimtion,

:~[)plica[ic)n cons ide red  for Cassini is hc:]tin:  ot’ [he [’ressurant

(’on[roi ,Wsembly. In this application. the VRIIIJS  would be set
tooperr at 35°C and to reject the heat into the Propulsion ,Moclule
ca~’i[y. The RI IUholclerwoulcl  run w’:lrrl~ertc>cc]n~pcns:~tc  torthe
hisher  tcrnper:l[ure  sink. Some moditicotion  ot’ the thermal
shield wwuld  br necessary. The Prcssurant  Control Asscrnbly
blanket intcrfacc  with the VRIIU  WOLlld be different than that
interface for the cluster. With these changes, analyses indicate
[hat the Vf-WU performance would bc approxirnatc]y the same as
for [he cluster application.

In conclusion, the VRIIU  developed for the Cassini S/C
represents a flexible automatic temperature control device that
should prove [o bc another useful thermal desi~n [001 for the
S/C ther[na]  engineer.

,icKso\\’l  J}tI)[;NIItN’l’s

\fUCIl  of the  VR}ILJ mechanical configuration is duc to the
in~enui[y of I). T. Packard, M, Shterenberg,  Il. R. Sevillti, and B.
1.. Slvcnson.  V. Mirelcs  and T. I arson  perforlncd the thermal
analyses of the Thruster Cluster Boom Assembly.

l’hc research described in t~is paper was carried out by the
Jet Propulsion 1.aboratory, California Institute of Technology,
under a contract wri(h the National Aeronautics anti Space
Adnlinistration.

Reference herein tc) nny specific cornrncrcial product,

~lrocess!  or service by trade name, traderllark, rnan’.rfacturer,  or
otherwise, does not constitute or imply its endorsement by the
LJnited States Governrnent  or the Jet Propulsicm  I.aboratory,
California Institute of Technology.
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Table 1. VR1l LJ Temperatures and Performance
\Vith fincl Without Solar IIlurnination

———..—— —
Solar Ir[-adiance, Suns

Item 1.0 1.0 0 2.7 2.7 0
. — .  — . . .  — — — - .  —.— ..- .— . _

Pcrforlnance (watts)
Total input 4.14 4.09 I .95 7.18 7.63 1.35
RIILJ input 2 .54 1.95 I .95 ~,~.~ 1.35  1 . 3 5

Solar loading 1.60 2.14 0.00 4.6-1 6.28 0.00
Temperature (“C)

hiounting  plate ~~ 36 36 ~~ 43 43
RIiU holcler 91 101 78 110 146 74
A c t u a t o r  h o u s i n g  2 7  37 36 29 4s 43
hfoun[ing  base 29 3s 37 30 47 44

I’hcrrnal  s h i e l d  52 52 31 gg 114 37
. . . . .- .-—. .--— ----- _ . . . . . . . ..- . . . . . . . . . . -.
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l’able 2. Thruster Cluster StcarIy-State Temperatures.
.— _ _ -—. —. .---—

A t  P e r i h e l i o n  ( . 6 1  A(J) At Saturn (10 AU)
Itcn] ---- Non-firing - [;iring --- Non-firing ---- I:iring

— .. —.. ——— — - - — — — .

}Iousing
Calculated 30 74 95 26 3? 45
Requirenlent, dcg C ‘20/50 20/50 ?0/50 ~()/5() 20/50 ~()/5()

Conditions
Thruster firing no no yes no no yes
S/C attitude, deg o 180 180 0 0 0
PM temperature, deg C 15 30 30 10 30 30
No. of RIILJs 10 10 10 10 10 10
VRHLJ input, watts y,? 2.0 2.0 7.0 5.7 2.4
Solar lodin~ no yes yes no no no

—-. .——. —_— -——— - _ —  _ _ _ _

‘


